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Mecasurements of 1 he properties of gravitational lenses have the
p ower to tell us what sort of universe we live in. The bLright-
cst known radio Einstcinring/pnavitat ional lens PXKS 1830- 2111,
whilst. obscured _by our Gulaxy atopticalwavelenpths, has recently
provided a lensing galaxy redshift of 0.89 through the detection of
molecular absorption in the millimetr ¢ waveband?. We report the
det ection of a new absor ptionfeature, most likely due to neutral
hydrogen in a sccond iy cdshift <y stem at 2::0.1 9. Follow-up VLBI
observations have spatiallycsolved the absorption and reveal it to
be concentrated toward the N] , compact component, but mostly
covering tile lower surface i) ighinessiing. This new information,
together with exist.ill~; ex-idence of the unus ual VI.BI radio struc-
ture and difficulties Immodeling the lensing systein, points to the
existence of a secondlensing galaxy alo ng our line-of-sight and im-
plies that PKS 1830 21 “1 mnay he a compound gravitational lens.

The strong, ~10 Jy, fiat-sphectiun radio source PKS 1830- 211 was found
1991 Lo be an Binsteining/ grav tational lens! and remnains the brightest
suchr object foundinthe radio shv v alinost 2 orders of magnitude. While
the interpretation of the sourcee a5, gravitational lens beyond the Galaxy®
is sccure, it lies in a crowded and havily obscured field close to the Galactic
centre and so far all efloyts toidetify optical counterparts either for the
lensing galaxy or the lensed somce ave been unsuccessful®™®. In particular,
the failure of optical micasurcinents to furnishiany redshifts has driven the
search for these critical param:-tersimto theradio spectiom.

The symmetric motphology of the source, comprising two compact, flat-
spectrum compon ents of siimila briehitness located on opposite sides of a 1
arcseco nd ring, immediately supvests a close aligniment of thelensed source
behind the lensing mass. Moreover there is evidence of unusually high ro-
tation mcasures in 01 ne patts of the sowrce which argues that the lensing
galaxy is probably a gasyich spnal® and snpgests the possibility of detect ing
molecular absorption.

Accordingly we undert ook sunveyon 10 and 11Junc 1995 for redshifted
Hiand 011 absorption with thcbPuikes 64 mradio telescope, as part of a
cooperative observation progranm  with the Project Phoenix group’. The
Project Phoenix receiver and sigonal processing equipient were used to cover
a frequency range of 995 to 1675 Mz, micely complementing a previous
absorption scarch over thefrcgnevranpe 400- 1000 M1z at Greenbank,




which yielded a negative 1esult”™. Ovr observations excluded the two inter-
vals 1535-1635 Mz and J16H- 117H Mz because of excessive interference.
Although interference of both terresunial and satellite origin was profuse over
most of the remaining band, 1t was ¢ enerally of very narrow bandwidth and
casily recognizable, and did not greatly iimpede the scarch.

We detected only a single ahuorption feature with two sub-components
of similar amplitude, centred a1 11911 Mz with an overall line width of
approximately 50 kin/s (Figine 1a) The absorption feature was detected
with comparable strength on tvo consecntive days. On the second day, ob-
servations of PKS 1830- 211 wo: ¢ bracketed with those of PKS 1921- 293, a
nearby source of similar flux density. No evidence of the absorption feature
was seen in this comparison source.

VL.BI observations were made on 18 September 1996 with four telescopes
of the Australian Long Baseline Avay (1LBA)® Hobait, Mopra, Parkes
and five antennas of the Austia’in Telescopre Compact Artay (ATCA) acting
as a phased array. S2 1ccorder:' wore used, operating in dual polarization
(LCP and RCP) with 4 MYy biovdweith centied on 1191.0 M1z, Correlated
visibilities between all G antenn:s of “he ATCA were also recorded to produce
an improved total-power spectymn (Ligure 1h).

PKS 1830- 211 was obscived over an 8 howm pariod interleaved with a
bandpass calibrator. The VI diva wae correlated at the ATNE VLBI
correlator'?. No correlated flux was detected on the long (> 4 MA) baselines
to Hobart owing to interstellay scattering at this low frequency!.

Our VLBl image in figure 2 i« shilar to an carlir 2.3 GHz VLBI image!
and shows the two compact comporents of PKS 1830- 211, but little of the
low brightness ring which is heovily 1esolved at this resolution. Figure 2 also
shows the absorption spectinra of cach component, clearly demonstrating
that the two sub-features of the @ bsorption system obscure different parts of
the source. The low velocity compor ent s completely resolved and therefore
must be obscuring only the extended ring while the high velocity component
is resolved only partially and covers the NI component but is weak or absent,
in the SW component. These obsorvations also allow us to infer that the
angular size of the absorbing featur« must be greater than a few tenths of
an arcsccond.

A molecular absorption svs e ot a redshift of 0.885682 has already been
found in this source?, and is arpucd 1o arise in an intervening palaxy rather

than in the lensed object. We Lehieyve that our detection constitutes a second
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absorption syst em in 1’KS 183) 21 tand is probably Hiabsorption in an
intervenming galaxy at a red-hitr of 1 192610.0001. In support of this wec
note that there are no catidopred? “10s 111 2246 MUz, therest frequency
of our observed absorption il it helonps to t he z 0.89 system. Further, we
observed the bright Gala c1ie shuee Sgi 32, Ori Kl and IRC 10216 with
the 26 m telescope at Hobar (10 seer chifora possible unlisted trausition at,
this frequency, and detected not bing: above any s noise level of ~0.1% of
the continuum. Mor cover, v detection appeats to lie in front of the NI9
component whilst the v 0. &9ibaor ption is apparently confined to the SW
component?. Our absor ption faturcalso displays velocity structure not seem
n the z: 0.89 absorption prodides

The interpretation of the 1 v tmein fipme “1 as O is unlikely for two
1 casons. Firstly, the sprect 1 s ow i one of the ‘sat ellite’ profiles typical of
OH absorption and sccondly. v ¢ e no evidence of absorptionat 1016 M1z
corresponding to 111 at thesqsmgedahift, whichwewouldexpecttobe clearly
visible. Neither can this beanbydioeen recombination line as we would have
detected many such lines across | he hand and did not

Wiklind and Combes (priv. o) 1epor (no evidence of molecular
absorption in PKXS 1830- 21 1 ar» (119 in theirt SEST obser vations. However
this is not totally unexpect cdas *hetotal sohd angle subtended by the source
at these high frequencics 1s small 1 ~1 n1as”) and hence the probability of
intersecting a dense molccular cloudalong the line of sight is presumably
quite modest.

The absorption]) featurceseern wfipure 1 is very siimilar in both width and
colummn density to that foudinthe lens system 02184 35" (**, which is con-
vincingly argued to arise fram 11 ab orption in the lensing galaxy, probably a
spiral galaxy seen ncarlycdg e on. We favour a sinilar interpretation for the
absorption in PKS 1830 211, witl the line of sight inter cepting, several cold
clouds ina gas-richspiralatz: (119 The t wo features seen in the absorption
profile may well correspond 1o two : piral a1 ns scen nearly superposed, both
of which partially obscure the ving, and one of which obscures the NI com-
pact. component. Such a picturc is entirely consistent with the properties of
Hi clouds and galaxy dynannes obs nved within om own Galaxy.,

Independent evidence fora consaierable amount Of matearial along the line
of sight is suggested by thenruually high rotation measure scen in the NI
com ponent®®. Further mome, e observed downturn in total flux density of
PKS1830- 211 below | GH2'% irapl essignificant free-free absorbing material




obscuring thenon-compact stintare which nit s a steep spectrumand cannot,
ye self- absorbed .

While the 111 absorptiontovard L KS 1 830 21 Tindicates t he presence of
a galaxy-scale 1 nassat» 019t his does notinfallibly imply @ priori that
gravitational lensing is taking placc at this 1 edshift, any niore than it does
forthe 7z 0.89 system. Thitlensmypof some kind is taking place is beyond
dispute given, for exaruple, the short time delay scen in the flux density
variations of the two compact comnon ents a wost improbable effect in
any non-lensed interpretation. 1 oems alinost cer tain therefoore, that a't
least one of the two redshiftsystem atz 0.19 and 2z: 0.89 is partaking in
the lensing and there is hnther ovideace thithoth yst(ills may be involved.

Firstly, the lens evinces a cuite paradoxical appear ance at high resolu-
tion. VLBI images made overii 3ve: period' ™7 Snow the SWeomponentto
be unresolved at ~anillinresceo: die olutionwhile the NI component S1I10WS
a well resolved linear stiuctuie ‘“his diflerence inmorphology of the two
components is too long-lived to be docto the di flerence in propagation times
to the two components, cstimared to be no more than a few tens of days®!7,
The results presented here =noeest that the secorid absorption system at
7:-0.19 may be responsible for this striking disparity in the two images by
causing additional lensing distoytion of the NE image, thus forining a com-
pound gravitational lens. Sceordiviattempts tomodel 1)I<S 1830- 211 with a
single, simple gravit ational pot-utia have achicved only modest success, and
have produced markedly diflerert models. The models developed by Nair
¢t al.® and by Kochanck ¢t al*’, for example, differin a number of material
respects, not least in the time delay between the two commpact components,
which has the opposite signin the Nair el ol inodel to that in ferred from
the Kochanek et al. inodel.

The presence of a sccond ley sing calaxy in this system adds an extra layer
of complexity to any lenising inodel. This palaxy is likely to influence the light
travel time through the NE cCinporent and so must be ¢ onsidered before a
determination of Hg from the tim e celay ¢anbe made. 1t is important there-
fore to estimate the mass and position of the z: 0.19 galaxy. We are unable
to obtain this information from our data. However polarization images of
PKS 1830- 211 at two ornore freguencies to map rotation measure would
help o pinpoint the position ¢l the palaxy.
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Figure 1: a) Discovery spectinm taben at Parkes with the Project Phoenix
SK'TT Receiver. b) Confirmation spoectrmmn taken at the ATCA during our
VI.BI observations.
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Figure 2: Our VLBI continvununap of PKS 1830- 217 (left). The restoring
beamn is 294by 75.°2 masand the contoursarcat s, b, 10,20,40 and 80%
of the map peak which is 1.27./vPC heam. Also shown here are the spectra
at the positions of the two contimmunScom ponents (right).




